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ABSTRACT

The ability of the Manned Space Flight Network Uni-
fied S~Band stations to satisfy tracking and command require-
ments prior to translunar 1n3ectlon (TLI) on lunar missions
has been analyzed.

The command pass requirement (a pass over a station
having command capability within some specified time period
before TLI) is more difficult to satisfy than is the tracking
pass requirement (one or more tracking passes within some time
period before the command pass) for the range of coverage
times generally considered because the time period in which
it must fall is generally more restricted than is the time
period for the tracking pass(es).

In addition, the preference for Atlantic or Pacific
injections has been examined. There is a preference for Pacific
injections 1f the command pass is required between 90 and 30
minutes prior to TLI. As the acceptable time period for the
command pass is moved closer to TLI, the coverage provided by
United States stations gives rise to a strong preference for
Atlantic injections. The preference for Atlantic injections
in this case is especially strong if the TLI ship is not located
for good command coverage in the Indian Ocean or if the command
capability of the TLI ship is simply not used.
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MEMORANDUM FOR FILE

An analysis has been made of the ability of the
present Manned Space Flight Network Unified S-Band (USB) sta-
tions to satisfy the requirements for tracking passes while
the spacecraft is in parking orbit prior to translunar injec-
tion (TLI). There is a requirement for a command pass within
some time period referenced to the TLI ignition time in order
to update the navigation state vector before TLI. At least
one tracking pass is required prior to the command pass to
provide the data transmitted during the command pass. The
tracking pass(es) must fall in some time period referenced
to the command pass.

A detalled analysis has been made of the satisfaction
of three possible command pass reguirements and then the current
command requirement is combined with two possible tracking pass
requirements to give an overall view of pre-TLI tracking and
command capability.

The following three possible command pass requirements
have been examined:

(1) a command pass is required in the 60 minute period
between 90 and 30 minutes before TLI (the require-
ment appearing in the March 15, 1967 Joint Reference
Constraints Document),

(2) a command pass 1s required in the 35 minute period
between 45 and 10 minutes before TLI (the revised
requirement as it will appear in the new Joint Con-
straints Document),

(3) a command pass is required in the 20 minute period
between 28 and 8 minutes before TLI (the requirement
according to MSFC Lunar Landing Mission Launch Ve-
hicle Ground Support Plan, Issue 1, #I-M0O-5-67,
October 1967).

The 14 USB land stations (Merritt Island, Grand Bahama
Island, Bermuda, Antigua, Canary Island, Madrid, Ascension,
Carnarvon, Canberra, Guam, Hawaii, Goldstone, Guaymas, and Texas)
and two tracking ships (an Insertion ship and an Injection ship)
have been considered. A 3 minute pass was considered sufficient
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for command and a 4 minute pass was specified for tracking.

The spacecraft was assumed to be acquired at an elevation angle
of 5° and lost when the elevation angle decreased to 3°. Al1l
land stations were assumed to have 15° keyholes except Bermuda
which was assumed to have 6° keyholes.

The shaded and crosshatched areas in Figures 1, 2,
and 3 show the regions in azZimuth and time in which TLI should
not occur if the three pre-TLI command reguirements defined
above are to be met by the 14 land stations and the Insertion
ship. The crosshatched areas on these figures disappear if
an Injection ship is used (located at U48°E, 25°3).

The time-azimuth regions in which 2nd and 3rd revolu-
tion Atlantic and Pacific injections occur are indicated in
these figures. The lower boundaries for the Atlantic injection
regions are determined by the TLI times for missions flown
(arrival) when the moon is at southern lunstice; the upper
boundaries for the Atlantic regions are determined by northern
lunstice TLI times. For Pacific injections, these boundaries
are interchanged.

The requirement for a command pass between 90 and 30
minutes before TLI ignition gives a preference for Pacifiec in-
Jections as shown in Figure 1. Figure 2 shows that revising
this to a requirement for a command pass between 45 and 10
minutes before TLI changes the preference to Atlantic injec-
tions if the TLI ship is not used. If the TLI ship 1s used
(48°E, 25°3), there 1s only a slight preference for Atlantic
injections. If the requirement for a command pass between 28
and 8 minutes before TLI were adopted, Atlantic injections
would be preferred with or without the TLI ship as shown by
Figure 3. The shift from a preference for Pacifilc injections
to Atlantic injections as the time period for the command pass
moves toward TLI 1s a result of the excellent coverage availlable
during passes over the United States. Atlantic TLI's occur within
about a half hour of the end of the pass over the United States
and it follows that Atlantic injections almost automatically

satisfy a requirement for a command pass in the half hour before
TLI.

In addition to the requirement for the pre-TLI command
pass, there is a requirement for tracking passes during the
earth parking orbit phase of the misslon prior to the command
pass. The following example ls the first of two which were
examined 1n detail:

(1) Assume a command pass is required between 45 and
10 minutes before TLI ignition,
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(2) assume 2 four-minute tracking passes are required
in the 90 minute period which ends 10 minutes
before the pre-TLI command pass (at least one of
these tracking passes must be from a land station).

The shaded regions in Figure 4 represent azimuth-time areas in
which, if TLI ignition should occur, the above reguirements are
not met (the TLI ship coverage has been included in this anal-
ysis). It should be noted that most of the shaded regions in
Figure U4 are identical to those in Figure 2 which indicates that
the requirement for 2 tracking passes prior tc the command pass
is a more easily satisfied constraint than is the command pass
requirement. When the TLI ship is used for command and tracking,
the only large problem area is for 2nd revolution Atlantic in-
jections (1st Atlantic opportunity) with launch azimuths between
104° and 108°.

The second example which was examined in detall invol-
ved the followlng assumptions:

(1) A command pass is required between 45 and 10 minutes
before TLI ignition,

(2) one four-minute tracking pass is required in the
70 minute period which ends 10 minutes before the
pre-TLI command pass (this tracking pass must come
from a land station).

The shaded regions in Figure 5 represent azimuth-time areas in
wilch if TLI ignition should occur the above requirements are
not met. Again in this case the shaded regions in PFigure 5 are
almost identical to those in Figure 2.

Conclusions

It can be concluded that there are some regions (in
azimuth vs. TLI time) in which the available tracking does
not satisfy the requirements. The preferred ocean for injec-
tion is the Pacific if the pre-TL1 command pass 1s required
between 90 and 30 minutes before TLI ignition. If the pre-TLI
command pass is required between 45 and 10 minutes before TLI,
the Atlantic is preferred if the TLI ship i1s not located for
good command coverage in the Indian Ocean or 1s simply not used
for command. There 1is essentlally no preference for Atlantic
or Pacific if the TLI ship is used. For command in the 28 to 8
minute period prior to TLI, Atlantic injections are preferable,
even if the ship coverage is used, due to the thorough coverage
from the pass over the United States.

7 8. Moekitom
2013-TBH-srb T. B. Hoekstra

Attachments




TIME SINCE LIFTOFF-MINUTES

300

5
280 [ >, ’:“}g’z}t}
TTTTI T 77770l T S
260 - %
SECOND PACIFIC
240 +— OPPORTUNITY
LS L L LLL L LLLLLLLLLLLLLLLLL
I 7T 77l P Y
220 -
200 SECOND ATLANTIC
OPPORTUNITY
L LLLL S LLLLLLLLLLL /. LLLL
U Sl G M
160 —
FIRST PACIFIC
QOPPORTUNITY
140 = S LL LS L L LLL L L
e G ”’%
FIRST ATLANTIC
QPPORTUNITY
100 —
LLL L LLLL L LLLL Z
EARLIEST S-1VB RESTART
80 —
60 TLI ignition should net occur in the shaded ( EZZ3 ) or the crosshatched
E ( E21) areas when the 14 USB stations and the Insertion ship are used
= to satisfy the pre-TLI tracking constraint. * The crosshatched areas dis-
= appear if an Injection ship is used (located at 48°E, 25°S). A5” space-
8 40— craft elevation angle at acquisition and a 3° elevation angle at dropout were
assumed.
2 At Jeast one 3-minute command pass between 90 and 30 minutes before TLI ignition,
EARTH PARKING ORBIT INSERTION
0 1 | i | | ! | [ !
72 14 78 82 86 90 94 98 102 106 108

LAUNCH AZ IMUTH—DEGREES
FIGURE 1 - PRE-TLI COMMAND PASS COVERAGE



TIME SINCE LIFTOFF-MINUTES

300

280 —

240

260 r

e V\';\ 09 o0t
5 zf:&/}:’fxaﬁiji’::{;f’ o
SECOND PAC!F!CZP

OPPORTUNITY

/ P47
7777777 777 T I777
220 (— /.
200 |

SECOND ATLANTIC
OPPORTUNITY

e

180 B2

140 =

160 |-

7. 7 T R

S
FIRST PACIFIC
OPPORTUNITY

SIS 4 4

FIRST ATLANTIC
OPPORTUNITY

LLLLLL

EARLIEST S-1VB RESTART

TLI ignition should not occur in the shaded {

= ) or the crosshatched

to satisfy the pre-TL{ tracking constraint. = The crosshatched areas dis-
appear if an Injection ship is used (located at 48°E, 25°S). A 5" space-
craft elevation angle at acquisition and a 3° elevation angle at dropout were
assumed.

*At least one 3-minute command pass between 45 and 10 minutes before TLI ignition,

EARTH PARKING ORBIT INSERTION
| l I ] | l | | I

72

74 78 82 86 90 94 98 102 106 108
LAUNCH AZ IMUTH—DEGREES
FIGURE 2 - PRE-TL1 COMMAND PASS COVERAGE




TIME SINCE LIFTOFF-MINUTES

80 MINUTES
N
i

|

300

280

rTrrerrtd

260 [~
5 kﬁz;; ’2’“ 5 : *@g
o j:%,.%g%&n /Z7SECOND PACIFIC %
240 YN S B 7 OPPORTUNITY e
W LA

T IITI"H[[THH_IHHH—[HIHHHHHI
220 —

200 SECOND ATLANTIC

OPPORTUNITY

L

ISR ERREREEE

180

T

T i ZFIRST PACIFIC
: > OPPORTUNITY

160 7

140 INESIRS TR RN AN NAREINE

120 —

FIRST ATLANTIC
% OPPORTUNITY
. i

e g

—_—
g |
o
|

TLI ignition should not occur in the shaded ( E ) or the crosshatched
(33 areas when the 14 USB stations and the Insertion ship are used
to satisfy the pre-TLI tracking constraint. * The crosshatched areas dis-
appear if an Injection ship is used (located at 48°E, 25°S). A5° space-
craft elevation angle at acquisition and a 3° elevation angle at dropout were
assumed.

&
l

8
I

*At least one 3-minute command pass between 28 and 8 minutes before TLI ignition,

EARTH PARKING ORBIT INSERTION
o1 | | l I | i | I

72 14 78 82 86 90 94 98 102 106
LAUNCH AZ IMUTH—DEGREES
FIGURE 3 - PRE-TLI COMMAND PASS COVERAGE

108



TIME SINCE LIFTOFF-MINUTES

280 |-

ANSNNNNNNNNNNNN NANNANNNNNNNNNNNNNNRNNNN

260 N

240

220

200

SECOND PACIFIC
OPPORTUNITY

ARANANNRNARRNRNANRNANRNANNN AN

NNNNNRNRNNRNN

e LTSS P77

SECOND ATLANTIC
OPPORTUNITY

180 NNNNN ANNNAN AN AN =
160 |

FIRST PACIFIC

OPPORTUNITY
140 =

SALS PSS S L 7 vz
7.

120 +—

re———————— 380 MINUTES

FIRST ATLANTIC
OPPORTUNITY

/ PPl )7 717/ 7777247777777 /J
VB RESTART

IF TLI [GNITION OCCURS IN ONE OF THE SHADED REGIONS, ONE OR BOTH OF THE
80 I FOLLOWING EARTH PARKING ORBIT AND PRE-TLI TRACKING REQUIREMENTS WilL NOT
BE SATISFIED :
1. A COMMAND PASS OF AT LEAST 3 MINUTES DURATION BETWEEN 45 AND
10 MINUTES PRIOR TO TLI IGNITION (FROM A SHIP OR A LAND STATION),
2. TWO TRACKING PASSESOF AT LEAST 4 MINUTES DURATION BETWEEN 100

AND 10 MINUTES BEFQRE THE PRE-TLI COMMAND PASS {ONE OF WHICH
MUST COME FROM A LAND STATION:.
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L A 5° SPACECRAFT ELEVATION ANGLE AT ACQUISITION,
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2 A 3° SPACECRAFT ELEVATION ANGLE AT DROPOUT,
20 - 3. LAND STATIONS HAVE 15° KgYHOLES,
4, SHIP LOCATED AT 48" E, &5 S.
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1. A COMMAND PASS OF AT LEAST 3 MINUTES DURATION BETWEEN 45 AND
10 MINUTES PRIOR TO TLI IGNITION (FROM A SHiP OR A LAND STATION),
2. ONE TRACKING PASS OF AT LEAST 4 MINUTES DURATION BETWEEN 80
AND 10 MINUTES BEFORE THE PRE-TLI COMMAND PASS (COVERAGE
MUST COME FROM A LAND STATION).
ASSUMPTIONS :

L A 5° SPACECRAFT ELEVATION ANGLE AT ACQUISITION,
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4, SHIP LOCATED AT 48 g, 25° s,
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